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(54) ELECTRODEPOSmON OF COMPOSITE COATINGS 



(71) We, Bristol Aerojet Limited. 
a Company registered under the Laws of 
Great Britain, of Banwell, Weston-Super- 
Mare, Somerset, England, do hereby declare 
5 the invention, for which we pray that a 
patent may be granted to us. and the m^od 
by which it is to be performed, to be particu- 
larly described 'in and by the following 
statement: — 

W This invention relates to apparatus and 
processes for producing composite coatings 
which consist of an electrolytically deposited 
metal matrix v^th particle additions, the 
metal and the particles being deposited from 

15 an elartrolyte m which the particles are 
substantially insoluble. Such a process will 
be referred to as the electrodeposition of 
composite coatings. The particles may be, 
for example, ceramic, cermet, or laminar 

20 solids. The invention is primarily concerned 
w4th the electrodeposition of coatings in- 
corporating ceramic particles. Such coatings 
may be used for various purposes including 
wear and abrasion resistance, corrosion and 

25 oxidation resistance and improvement in 
the coefficient of f ricCion (lubricity) and anti- 
fretting and anti-galling properties. In cer- 
tam cases the coatings themselves may con- 
stitute the final product so that the process 

30 is one of electrtrformSng. 

The process comprises electroplating in a 
bath containing insoluble particles dispersed 
in the electrolyte, the particles being co- 
deposited with the metal. 

35 The invention is an improvement in or a 
modification of the invention (the main in- 
vention) described and daimed in our co- 
pending application No. 2^191/69 (Serial 
No. 1392081). That application claims 

40 apiaratus for the electrodeposition of com- 
posite coatings consisting of a metal matrix 
with particulate additions, the apparatus in- 
cluding a container for the electrolyte and 
the particles, an electrode in the container, 

45 an electrical cormection to the electrode, a 



generally horizontal perforated agitator in 
a region adjacent the bottom of the con- 
taJiner, and moans for reciprocating the 
agitator in a vertical direction. That appli- 
cation also claims a method of producing 50 
composite coatings coiisisting of a metal 
matrix with particulate additions, in which 
method electrolytic deposaltion of metal takes 
place in a solution wMch contlains insoluble 
particles, the solution being agitated by 55 
movement g^erally up and down of a gener- 
ally horizontaH perforated agitator in the 
part of the solution below and spaced from 
the part used for deposition. 

The agjtator may take the form of a per- 60 
forated plate and the effect of moving a per- 
forated plate up and down in the lower part 
of the solution is to force the solution 
through the perforations both on the up- 
ward and the downward strokes so that a 65 
vigorous agitation of the solution is obtained. 

The proportion of the part of the solution 
swept by the moving plate relative to the 
part above the pla^te wMch forms the usef uf 
part in which plating can be carried out 70 
will depend upon many factors including the 
size of the conta'iner and the sizes of the 
particles to be maintained in suspension, the 
frequency of movement of the plate, the 
size and distribution of the holes in the 75 
plate, the size of the clearance between the 
plate and the walls of the container and 
other factors but preferably the plate 
sweeps approximately the bottom third of 
the solution. 80 

While the reciprocation of the perforated 
plate maintains the slurry in a sufficiendy 
homogeneous condition for many plating 
situations, it has been found that when 
plating some articles, for example, articles 85 
having bores, the reciprocation of the plate 
will not always maintain the slurry in a 
sufficiently homogenous condition in the 
bores of the article: Thus the solution be- 
comes static and a shortage of ions and 90 
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particles in Ae r^on of the article may 



According to .the present^ invention, 
apparatus as olaimed In the main invention 
5 includes means for adnntting gas to the con- 
tainer adjacent the 'bottom of the container. 

The gas wMdi is admitted to the con- 
lainer produces a generally upward flow of 
gas in the region in which deposition takes 
10 place and this tends to break up the static 
boundary layer of ^lution adjacent the ar- 
ticle bding pkted whidi may arise in the plat- 
ing situations disciKssed above and will tend 
to maintain the solution homogenous 
15 throughout <£he solution. 

Prdferably the agitator is in the form of 
a plate extending acro^ a major part of the 
cross-section of the container. In this case, 
the means for admitting gas may include 
20 means for distribuling gas to a number 
of discharge openings carried by the plate. 
For example, the distribution means may 
compilse one or more tubes fixed to the 
upper surface of the plate, the tubes having 
25 perforations in tiieir upper side walls facing 
the -top of ^e container to permit gas to 
flow upwardly from the tubes flirou^ the 
plating solmion. 
Accor^g to a further aspect of the pres- . 
30 ent invention, in a metiiod of produdng 
composite coatings consfisdng of a metal 
matrix wifli paniculate additions, electro- 
lytic deposition of metal takes pllace in a 
solution whidi contains insoluble particles, 
35 the sodtftion bdng agitated by move- 
ment generally up and down of a gener- 
ally horizontal perforated agitator in a 
part of the solution below and spaced from 
the part used for deposition, gas beSng 
40 admitted to Ithe solution to produce a gener- 
ally upward flow of gas in the r^on in 
which deposition takes place. 

The invention may be carried into prac- 
tice in various ways but one way of carry- 
45 ing out the invention will now be d^cribed 
by way of example with reference to the 
accompanying drawings, of which: — 

OFlgure 1 is a side elevation of an appara- 
tus suitable for carrying ouit the process btft 
50 omitting the air admission pipes; 

Figure 2 is. a fragmentaiy section on the 
line n-n of Figure 1 showing the tank and 
agitator plate, and 
Figure 3 is a section on the IHne IH-IH of 
55 Figure 2. 

The apparatus shown in Figure 1 com- 
prises a rectangular Cank 1 contaixung a 
bath of ia slurry of plating solution 2. and 
particles which are to be codeposited. In 
60 the tank 1 there is a plate agitator 3 lend- 
ing across substantially the whole cross- 
section of the tank and having perforations 
5 (Figure 2) through it. The perforations 
have bevelled edges whidi may fonn an 
65 angle of about 45^ witii the upper surface of 



the plate; the edges may be bevelled so tiiat 
the hole in the upper surface of the plate 
is smaller than in the lower surface. 

As can be seen from Figures 2 and 3 
the plate 3 has a number of strengthening 70 
bars 31 of T-seotion extending parallel witii 
its two shorter slides. A similar strengthening 
bar 32 extends along the centre of the plate 
paraillel with the longer sides of the plate. 
A stainless steel pipe 33 is situated between 75 
and paraillel witii each pair of bars 3^1 . 
Each pipe has perforations 34 in its side wall 
arranged so t&it all the perforations face 
the top of the plating solution. The pipes 
33 are connected to one another by a 80 
further p^e 35 which lies along the bar 32. 
One end of this pipe is connected by a flex- 
ible pipe <not shown) to a supply of com- 
pressed mr oirtside the bath. The pipe is 
flexible to permit the plate to rediprocate 85 
freely. 

At tiie central pcBnt 4 of each of two oppo- 
site sides the plate agitator is attached to one 
arm 6 of an inverted U-shaped member 7, 
one arm "6 of which is within the tank and 90 
the other arm 8 is outside the tank. The 
inverted U-shaped members 7 are arranged 
to rediprocate in a vertical direction so as 
to reciprocate tiie perforated a^tator plate 
3 in the rpg^on adjacrat tiie bottom <tf the 95 
container between the position shown in 
dotted Hnes in Figure 1 and a position below 
the area in which deposition takes place. 
The distance moved by the agitator plate 
is convenientiy about 1/3 the depth of tiie 100 
batii. The U-shaped members 7 are guided 
in backets 11 situated outside the tank and 
rigidly attached to a cylinder 12. Attached 
to the arm 8 of the U-dLaped memiber 7 is a 
yoke 13 which is also attached to a piston 105 
rod 14 of a piston 15 which reciprocates 
within tiie cylinder 12. Rediprocation of flie 
plstoa and piston rod, therdor^ causes the 
U-^shaped member and the agitator plate to 
reciprocate. 110 

The movement of the piston is controlled 
by means which are not shown. The cylinder 
12 is supported on a base plate 20 bjr a 
support member having three legs of whidi 
oidy two 20a and 20b, are shown. 1 15 

It is important that both sides of the 
plate rediprocate in phase and for this pur- 
pose tthe yoke 13 is attached to an endless 
chain 16 which passes over an upper 
sprocket wheel 17 mounted on a ^aft 18 120 
situated at the top of the cylinder 12 and 
around a lower sprocket wheel 19 which is 
rigidly attached to a connecting member 21. 
Movement of the piston and piston rod will 
cause the chain to move the sprocket wheel 125 
19 and rod 21. As tiie rod 21 carries the 
sprocket wheels 19 for both sides of the 
apparatus the movement of the pistons and 
therefore of the sides of tiie redprocating 
agitator is kept in syndironism. 130 
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An anode 22 dips int^MRb solution 2 
adjacent one s(ide waU of the tank and the 
cofm|K)nent5 to be coated are si^pended ad- 
jacent the centre of the bath as the cathode. 
5 The anode and the cathode are connected to 
an electricity supply via control equipment 
of the kind normally employed for plating. 

The process is carried out as follows. When 
plating is to take place, redprocation of the 
10 plate 3 by the pistons is 'begun, and air 
from the air supply passes througji the pipe 
35 to 'the holes 34 in the pipes 33. lius 
the plate sweeps approximately the bottom 
third of the bath which produce vigorous 
15 agitation of the soMon as it is forced 
through the perforatlions 5 and the narrow 
clearance between the edges of the pflate 
and the walls of the bath. Hie particles are, 
therefore, taken into suspension. When the 
20 solution has oeen agitated for a sufficient 
time for it to be become homogeneous the 
components to be plated are loaded into the 
bath and the plating current is switched on 
and plating proceeds in the normal way. 
25 Redprocation of the plate 3 is contSnued 
throughout the plating operation to maintain 
the homog&nei'^ of the solution. 

The apiparatus may be used for deposition 
of many different composite coatings 
30 examples of which include nickel, cobalt, 
copper, chromium and tungsten-cobalt alloy 
as the metal matnix and zirconium diboride 
and tungsten carbide as the insoluble 
particles. The composite coatings may in- 
35 corporate a solid lubricant for cases where 
the coating is to act as a bearing using the 
term broadly to cover any relative move- 
ment between adjacent surfaces between 
wMcfa a load is transnutJted. For ex^nple, 
40 graphite particles may be incorporated in the 
coating to proviide a three-component coat- 
ing of meital matrix, ceramic particles and 
graphite particle. 
Plating may take place on any substrate 
45 which can be plated induding, for example, 
steel, non-ferrous and light alloy compon- 
ents and plastics, glass and composite 
materials where such miaterials have been 
rendered conductive either by lincorporation 
50 of appropriate materials or by pre-coating 
with a conductive material. 

WHAT WE CLAIM IS:— 
1. Apparatus for the electrodeposition 
55 of composite coatings consisting of a metal 
matrix with particulate 'additions, the 



apparatus including a contai^Vfor the 

electrolyte and the partides, an dectiode in 
the container, an electrical connection to the 
elecbrode, a generally horizontal peifoiuted 60 
agitotor in a region adjacent the bottom of 
the container, means for reciprocatSng the 
agitator in a vertical direction, and means 
for admitting gas to the container adjacent 
the bottom of Sie container. ^ 

2. Apparatus as claimed in Claim 1 in 
which tite agitator is lin the form of a plate 
extending across a major part of the cross- 
section of die container. 

3. Apparatus as claimed in Claim 2 in 70 
which the means for admitting gas indudes 
means for distributing gas to a number of 
discharge openSngs carried by tiie plate. 

4. Apparatus as claimed in Oaim 3 in 
which the distribution means comprises one 75 
or more perforated tubes fixed to the plate. 

5. Apparatus as cMimed in Oaim 5 in 
which the tube or tubes are perforated in 
that surface which faces the top of the 
container. 80 

6. Apparatus as claSmed in Qaim 4 
or O'aim 5 in whidi the tube or tubes are 
connected to a source of pressurised gas by 
means of a flexible pipe. 

7. Apparatus for the electrodeposition of 85 
composite coatings substantially as de- 
scried herein with rdEerence to tfie accom- 
panying drawings. 

8. A meth<^ of producing composite 
coatfings consisting of a metal matrix with 90 
particulate additions, in which method 
electrolytic deposition of metal takes place 
in a solution which contains insoluble 
particle, the solution being agitated by 
movement generally up and down of a 95 
generally horizontal perforated agStator in 
the part of the solution below and spaced 
from the part used for deposition, gas being 
admitted to the solution to produce a gener- 
ally upward flow of gas in the region in 100 
wUch deposilion takes place* 

9. A method as claimed in Claim 8 
in which the outlet for gas Ss arranged to 
move with the agitator. 

10. A methc^ for the electrodeposition 105 
of composite coatings substantially as de- 
scribed herein with reference to the accom- 
panying drawings. 

KELBURN & STRODE 
Qiartered Patent Agents 
Agents for the Applicants 
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